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Introduction
The olfaction considered one of the most important senses for most mammals in our life; especially in animals whose babies born with immature visual or auditory functions to recognize their mother by their detection of certain pheromones [1, 2] . It is indicated that olfactory receptors occur in three places in animals, namely, olfactory epithelium, nasal septum (NS), and vomeronasal organ [3] . Even, Grüneberg [4] illustrated Grueneberg ganglion is one of the olfactory sensory neurons that act as a chemo-detector of alarm pheromones [5] in some macrosmatic animals (mouse, marsupials, and rabbits) but failed to find in dogs [6] .
The vomeronasal organ is a special compound construction, sending chemical signals (pheromones) to the central nervous system to manipulate mating, and social performance. The organ was lacking in birds, fish, crocodiles, chameleons, and the majority of marine mammals [7] . The vomeronasal duct (VD) has a sensory epithelium (SE) which their afferent axons connecting the duct with the accessory olfactory bulb [8] . The vomeronasal organ in most mammals is composed of different constituents; VD, seromucous glands, nerves, cartilage, and blood vessels (BV) [9] . In most animal species, the epithelium of the organ has two types, namely, non-sensory (respiratory) type and sensory type (olfactory) [3, [10] [11] [12] . The vomeronasal SE makes the accessory olfactory system to be responsible for behavioral olfactory motivations [10] .
The strong olfactory ability of the dog makes them an essential constituent of law enforcement, exploration, salvage, and medical purposes. Rabbit is used as a studying model for the mammalian chemo-communication. However, there are few studies concerning the morphology of the vomeronasal organ of the dog [13] [14] [15] and rabbit [16] [17] [18] . Those research works mostly deal with the epithelial structure. Also, few research works are recorded about the anatomy of the accessory olfactory bulb in dogs [19, 20] and rabbit [21, 22] . The recent data focused mostly on the vomeronasal system function [23] [24] [25] . Still, there is a defect in our knowledge about the morphology of the vomeronasal system. To complete the knowledge gap of the dog and rabbit vomeronasal organ and the accessory olfactory bulb, comparative anatomical and histological study of these organs in two different animals category would be interesting.
Materials and Methods

Ethical approval
The animals were handled according to the strategy of the Institutional Animal Care and the Research Ethics Committee of the Zagazig University (ZU-IACUC/2/F/48/2019).
Animals
This study was carried out on 15 of each adult healthy Balady dogs (Canis familiaris) and New Zealand rabbits (Oryctolagus cuniculus) of both sexes. The control dogs of the experimental studies in the Clinical Departments of the Faculty of Veterinary Medicine, Zagazig University, Egypt, were used. Rabbits were obtained from the laboratory Farm Animals of Faculty of Agriculture, Zagazig University, Egypt. The dogs were sedated by intramuscular injection of xylazine (1 mg/kg) and then anesthetized by injection of ketamine (10 mg/kg). The rabbits were injected I.V with xylazine (3 mg/kg) followed by injection of ketamine (3 mg/kg) for anesthesia [26] . Then, all animal exsanguinations were performed via the common carotid artery in the dissecting room at the Department of Anatomy and Embryology in our faculty. The separated heads of both animals were examined for any signs of neurological diseases.
Computed tomography
Five heads of both species were used for computing topography (CT) (120 kV, 80 mA for dogs) (120 kV, 120 mA for rabbits) in AL-Bayan Center in Belbes, Sharkia Governorate, Egypt, and then returned for using in the anatomical examination.
Anatomical examination
For gross observations, seven heads (included the previous five CT heads) of the two species were fixed and preserved in a mixture of 10% formalin, 2% phenol, and 1% glycerin. These heads were dissected carefully to expose the brain, the vomeronasal nerves, the vomeronasal organ and its cartilage, and the nasopalatine duct in situ. Measurements were then made to the whole organ with a stainless Caliper. The average length and width of the VD were measured by the Image J program.
Cross sections of three frozen heads from both animal species were made for investigating the relation of the vomeronasal organ to the nasal concha and septum. The vomeronasal organ was crossed at its cranial, middle, and caudal parts, and then examined by using a stereomicroscope (Nikon SMZ-2T, Tokyo, Japan). The observations were recorded and photographed by using a digital camera (Sony DSC-W690, 16.1 MP). For the terminology, Nomina Anatomica Veterinaria [27] was used as if it is possible.
Histological examination
Pieces from the cranial, middle, and caudal parts of the vomeronasal organ, and parts of the brain containing the accessory olfactory bulb from the remaining five heads of the dogs and rabbits were fixed in 10% neutral buffered formalin for 48 h. The specimens of the vomeronasal organ were decalcified in 5% Ethylenediaminetetraacetic Acid (EDTA) for 48 h. All the specimens dried out in ascending grades of alcohol, cleared in three changes of xylene, embedded in paraffin wax, and 5-µm-thick sections were obtained. The sections were stained with Hematoxylin and Eosin (H&E), Crossmon's trichrome stain, Periodic Acid Schiff (PAS), and Alcian blue stains. The above-mentioned handing out technique and stains followed the guidelines of Bancroft and Gamble [28] .
Results
Anatomical findings
Organum vomeronasale (vomeronasal organ) is a blind bilateral tube present underneath the dark nasal mucosa in dogs but a bright one in rabbits. The organ located in the rostroventral part of the nasal cavity on each side of the NS ( Fig.  1A -C). It had a skeletopic relationship with vemor, maxilla, and incisive bones. In dogs, it is situated ventral to ductus nasolacrimale [the nasolacrimal duct (NLD)] and underneath the ventral turbinate crest by about 0.4 cm ( Fig. 1C and D). The vomeronasal organ in both species was enclosed partially in cartilago vomeronasalis [vomeronasal cartilage (VC)] and located slightly ventromedially to Concha nasalis ventralis (the ventral nasal concha (VNC) ( Fig. 2A-D) . The organ in dogs extended caudally from the level of the upper third premolar teeth to the third incisive teeth. While in rabbits, it started 0.8 cm in front of the first upper premolar teeth and continued rostrally to about 0.4 cm posterior to the incisive teeth of the same side ( Fig. 1A and B ). The average length of the organ was about 4.16 and 1.95 cm in dogs and rabbit, respectively. It was thick and bulged caudally, thick in the middle, and thin in the cranial part by an average width of 0.3, 0.24, and 0.16 cm, respectively, in dogs. On the other hand, in rabbits, the organ had approximately the same width along its entire length by about 0.28 cm caudally, 0.27 cm in the middle, and 0.25 cm cranially.
In cross section, the vomeronasal organ was pearshaped in dogs and oval in rabbits and its cartilage was a J-shaped; enclosed the organ except its dorsal aspect. Along the entire length of the organ, the shape and position of ductus vomeronasalis (VD), and arrangement of BV varied in caudal, middle, and cranial portions. The organ was highly vascularized resembling the cavernous tissue appearance ( Fig. 2E and F) . The duct of the organ has an average length of about 0.16, 0.16, and 0.18 cm in the caudal, middle, and cranial parts, but the mean width was 0.03, 0.03, and 0.02 cm, respectively, in the same parts. The duct of the rabbit had an average length of about 0.12, 0.36, and 0.34 cm in the caudal, middle, and cranial parts, respectively. However, the mean width was 0.02, 0.13, and 0.13 cm, respectively, in similar parts.
In dogs, the rostral end of the vomeronasal organ curved ventrally and united with ductus incisivus (the incisive or nasopalatine duct) of the same side, passed through the Palatine fissure to terminate on the oral cavity. While in rabbits, the organ was straight opened into the nasal cavity and indirectly connecting with the oral cavity by the nasopalatine duct. The nasal cavity connected with the oral cavity by the oral orifice of the incisive duct (ID), which lays on each side of the incisive papilla (IP). The nasopalatine duct in both species was a short tube and continued as a groove caudally in the floor of the nasal cavity; moreover, the duct of the dog was funnel-shaped (Figs. 1C and D, 3A-D). It was approximately 2 cm in length and 0.4 cm in width in dogs and approximately 1.2 cm in length and 0.2 cm in width in rabbits. The duct in both species had two openings, namely, nasal and palatine; the former opening was a wide and oval in dogs, and oblique elliptical in shape in rabbits ( Fig. 3A and B ). The nasal opening placed at the level of the second canine tooth, 3.2 cm, away from the nostril in dogs and about 1.9 cm in rabbits. The latter opening had 1 cm in length and 0.4 in width in the dog, but in rabbits with 0.2 cm in length and 0.1 in width. The oral (incisive) opening was an elongated slit in dogs and a C-shaped in rabbits ( Fig. 3C and D) . It had about 0.3 cm length and 0.1 cm width in dogs and 0.2 cm length and 0.09 cm width in rabbits. It is situated caudal to the upper incisor by about 0.4 and 0.3 cm in dogs and rabbits, respectively. N. vomeronasalis (vomeronasal nerve) in the dogs and rabbits originated from Bulbus olfactorius accessories (accessory olfactory bulb). It left the cranium by one of the foramina of the cribriform plate. The nerve runs along the dorsal margin of the organ and divided into many small branches. Then, the branches were distributed on the medial surface of the vomeronasal organ. Also, the organ in dogs received an additional branch from the palatine nerve, which is distributed in its caudoventral part ( Fig. 3E and F) . The accessory olfactory bulb of dogs was a small oval in shape, but in rabbits was larger and ovoid. In dogs, it was placed in the posterior part of the main olfactory bulb (MOB), at its junction with the olfactory peduncle (OP). While in rabbits, it embedded in the caudodorsal aspect of the olfactory bulb. (Fig. 3G and H) .
Histological findings
The VD was crescent-shaped in dogs and laterally situated with dorsal and ventral walls, while in rabbits, it was oval and medially positioned with lateral and medial walls. Hence, the two angles of duct inversely named in both species. The VD of dogs had a horizontal orientation in the caudal and middle parts and slightly vertical in the cranial one, but, in rabbits, it had a vertical orientation in the three parts of the organ. In dogs, the duct was relatively wide in the caudal part of the organ, although, in rabbits, it was wider in the middle part. The dorsal wall of VD in dogs was convex in caudal and middle parts while in the cranial one was straight as well as the ventral wall was concave in the three parts. In rabbits, the lateral wall of the duct was slightly straight, but the medial one was concave in the three parts of the organ. In dogs, the lateral end of the VD was elongated tapered in the caudal part, pointed in the middle part, and rounded in the cranial one. Moreover, the medial end of the duct was rounded, somewhat elongated tapered, and pointed in caudal, middle, and cranial parts, respectively. In rabbits, the dorsal angle of the duct was rounded in the caudal part and opened in the middle and cranial parts, but the ventral one was pointed in caudal part and rounded in the middle and cranial ones. Lamina propria-submucosa of the vomeronasal organ was composed of connective tissue, BV, nerves, and glands. The BV were numerous with different size and deficient laterally in dogs, and wide condensed laterally in rabbits. The vomeronasal glands in dogs were dorsally situated in the middle and the caudal parts of the organ but slightly fewer in numbers caudally, while it was scantly and laterally located in the cranial part. However, these glands were numerous and abundant dorsally in the three parts of the organ in rabbits. The VC in both species was a J-shaped and its two ends were apart from each other gradually from the caudal to the cranial part of the organ in dogs. In rabbits, its two ends were widely separated dorsally in cranial and middle parts but in caudal one, it was near to each other ( Fig. 4A-E) .
The vomeronasal epithelium in rabbits was higher in its thickness than that of the dog in the three parts of the organ (Fig. 4F and G) . The cranial and middle parts were similar in both species; the lining epithelium of the dorsal (lateral) wall of the VD was (respiratory) pseudostratified columnar epithelium. In dogs, the epithelium contained ciliated and non-ciliated columnar cells with the presence of goblet cells. This epithelium in rabbits was decreased gradually in thickness and became stratified squamous near the opened dorsal end. The columnar cells had an apical pale acidophilic brush border. Its nucleus was oval and centrally located. The epithelium was rich with flaskshaped ciliated goblet cells with pale acidophilic cytoplasm. The basal cells sited on the basement membrane (Figs. 4H, 5A and B). In both species, the sensory epithelium lining the ventral (medial) wall was composed of three types of cells; supporting, neuron, and basal. The supporting cells (SCs) were columnar with darkly stained, oval, and apical located nuclei. The neuron cells were characterized by pale large rounded nuclei with the clear nucleolus. The basal cells were few in number with the darkly stained and rounded nucleus. In dogs, the height of the epithelium was low and the neuron cells decreased in number with few goblet cells ( Fig. 5C and D) . The epithelium toward the medial and lateral angle decreased in its height. In the caudal part of the organ of the dog, the ventral and dorsal walls had only the SE with goblet cells but the dorsal one was low in height. This epithelium was rich in neuron cells with few SCs. In rabbits, the medial neural epithelial cells of the caudal part decreased in its number with clear apical microvilli and the basal cells increased in number. The vomeronasal epithelium showed positive reaction with PAS and not reacted with alcian blue, while the cartilage was positively reacted with the latter stain ( Fig. 5E-H) .
The loose connective tissue of lamina propria-submucosa was abundant with collagen fibers (CFs). It was higher in amount and equally distributed in dogs but in rabbits, it was fewer and condensed medially ( Fig. 6A and B) . The vomeronasal glands were seromucous in dogs and serous in rabbits. It lined with simple cuboidal with dark basophilic basally located nuclei. The cytoplasm was dark and filled with secretory granules and the lumen was narrow. The duct of the gland was lined with the cuboidal cell with a wide lumen ( Fig. 6C and D) . These glands gave a positive reaction with PAS and negative reaction with alcian blue stain ( Fig. 6E and F) .
The accessory olfactory bulb of the rabbit was well developed and differentiated from that of the dog. In rabbits, it comprised of the following layers: vomeronasal nerve layer (VNL) (nervous), glomerular, external plexiform, mitral cells, internal plexiform, and granular. The external plexiform, mitral cells, and internal plexiform layers (IPLs) were not easily distinguishable from each other. The dorsal olfactory tract (DOT) was located between the internal plexiform and the granular layers (GRLs). In dogs, the accessory olfactory bulb consisted of only three layers: nervous, glomerular, and mitral/ tufted. The plexiform and GRLs were not recognized in dogs ( Fig. 6G and H ).
Discussion
The vomeronasal organ of animals reveals certain morphological dissimilarities. It was confirmed that the situation of the organ in the two animals of the current study resembles that in other animals [29] . The well-developed vomeronasal organ in dogs and rabbits and its position accelerates the smelling of pheromones and the developed sniffing sensation.
According to the size of the animal, the vomeronasal organ of the dog extended from the level of the upper third premolar teeth to the third incisive teeth. On the other hand, in rabbits, it had no relation with the upper teeth. The organ terminated at different levels in other animals; second premolar tooth in Labrador retriever dog [15] , goat [30] , and Iraqi sheep [31] and close to the first and second premolar teeth in red fox [32] .
The dimension of the vomeronasal organ varies between the animals, the length of the organ ranged from 2 to 22 cm [33] . In our study, the organ was longer in dogs than in rabbits and the thickest part of the organ was the caudal part in the two species. The average length of the vomeronasal organ of the dog and rabbit was 4.16 and 1.95 cm, respectively. Yilmaz et al. [15] in Labrador retriever dog recorded that it was 2.5 cm in length and the middle part of the organ was the thickest. It was 15 mm in cats [34] . However, sheep and goats had a bodyweight resembling that of dogs, but the length of the organ was 6-8 cm in goat [30] , 6-9 cm in Iraqi sheep [31] , and 10.6 mm in African giant rat [35] . The vomeronasal organ of rodents [16] and rabbit [36, 37] opened in the nasal cavity and indirectly connecting with the oral cavity by the nasopalatine duct, whereas in carnivores [13, 34] , goat [30] , and bears [38] , the organ united with the nasopalatine duct and had a direct connection with the oral cavity.
Currently, the VC of the dog and rabbit was a J-shaped and deficient dorsally. Similar results in dogs were also previously noted [13] . In contrast, Yilmaz et al. [15] in Labrador retriever dog reported the cartilage was located only in the lateral portion of the organ. However, Dennis et al. [14] reported the organ of the dog was mostly enclosed by a cartilaginous capsule. While in red fox, the cartilage was C-shaped in the foremost parts and J-shaped caudally [32] . On the other hand, the cartilage in goat has completely encircled the duct, J-shaped, and C-shaped in the caudal, middle, and rostral parts, respectively [30] . In rat and mouse, the organ was encircled by a bony capsule [16] . While Mshiri and Tunsi [39] observed incomplete vomeronasal cartilaginous envelope in rodents (Ctenodactylus gundi). In rabbits, Villamayor et al. [36] found that the VC in the caudal part of the organ was ensheathed by a bony capsule.
The shape and position of the accessory olfactory bulb in rabbits confirm the result reported previously by Segovia et al. [22] . On the contrary, McCotter [40] described the accessory olfactory bulb of a rabbit as a small oval prominence. The latter author added that the vomeronasal nerves ranged from three to eight detached bundles and appeared as a single trunk only when passed through lamina cribrosa. Villamayor et al. [36] , in rabbits, reported an additional branch from the nasal caudal nerve. Salazar et al. [20] described the accessory olfactory bulb of a dog as a small ovoid protrusion. Also, in dogs, McCotter [40] reported four bundles of the vomeronasal nerves, which conflicted with our results.
Our histological interpretations on the vomeronasal organ go away with the anatomical studies to exhibit their own association with the olfaction. Our observations were in accordance with Taniguchi and Mochizuki [16] ; the cross section of the vomeronasal organ in rabbits was slightly elliptical or oval, while in rat and mouse, it was nearly rounded with a wide crescent duct. The present investigation revealed the VD was crescent-shaped and laterally situated in dogs, while in rabbits, it was oval and medially positioned. Comparable findings in dogs were reported by Adams and Wiekamp [13] . In cats, the duct was crescent-shaped in the middle part of the organ [34] and medially located in sheep [41] .
There was a general agreement that lamina propria-submucosa of the vomeronasal organ of different animal species as well as the dog and rabbit of the current study formed from connective tissue, BV, nerves, and glands [12] , such organization supported the sexual odors olfaction. In the present study, lamina propria-submucosa of the organ was rich with vascular tissues that recommended changing the pressure within the tube and hence altering its liquid or air contents [41] .
Concerning to the venous sinuses of the vomeronasal organ in rabbits, rat and mouse were abundant and located on the lateral wall of the duct, as well as these sinuses were enclosed by a smooth muscle layer in rat [16] and rabbit [36] . The vomeronasal glands were voluminous and of serous type in rabbits, other than were seromucous in dogs and mostly dorsally situated in the organ. These glands were of mucous type in rats, mice, and rabbits [16] . However, mixed mucous and serous vomeronasal glands were reported in the hamster [42] . On the contrary, Kratzing [41] in sheep reported that the glands were present only under the non-SE and of mucous type. However, in Gazella subgutturosa, there were myoepithelial cells surrounded the mucous glands, which lined with low columnar cells [43] . The vomeronasal glands gave a positive reaction with PAS but not reacted with alcian blue stain as mentioned in rabbits [36] , cats [34] , and goats [30] . Other animals shared the two reactions, such as bears [38] and cows [11] .
Our work revealed that the VD of dogs and rabbits had medial sensory and lateral respiratory epithelium. Similar results were reported in dogs [13, 14] , rabbits [16, 37] , cats [44] , sheep [41] , and pigs [10] . Also, we found areas of stratified squamous near the dorsal end of the duct in rabbits and the caudal part of the organ of the dog had only the SE. In addition, in rats [35] and cats [34] , four kinds of epithelium were recognized in the VD; the epithelium became simple columnar caudally and stratified squamous cranially. In contrast, the blind mole rats had only one type of epithelium; the sensory one [45] .
The lamination of the accessory olfactory bulb of rabbits and rats was clearer than that of the dog [19, [20] [21] [22] 46] . The plexiform, mitral/tufted, and granular cell layers were indistinct in dogs [19, 20] . However, the mitral/tufted cell layer was recorded in rat [47] , it scantily distinct in ferret [48] . The structural findings of the vomeronasal organ in rabbits characterized by the thickening of the SE, the voluminous glands, and the larger well-developed accessory olfactory bulb. This result gave an indication that the organ of a rabbit was more functional than that of a dog in detection and response to the pheromonal stimuli which were very important in socio-sexual communication.
Conclusion
The most characteristic structural variations achieved in the vomeronasal organ and the accessory olfactory bulb of dogs and rabbits gave an indication that the organ was more functional in rabbits than in dogs. The SE of the vomeronasal organ indicated the detection and response to the pheromones which were very important in socio-sexual communication in the animals.
